We have developed a matrix formalism that provides an accurate way of evaluating the degree of spin polarization built up through the process of synchrotron radiation under a wide variety of storage ring operation conditions.
Introduction
The value of an electron storage ring as a high energy physics research tool increased considerably since it was realized l-7 that the spin polarization of a stored electron beam can potentially reach a level of 92% within a practical time scale. The mechanism for this polarization build-up is that, in a magnetic field, the spin transition rate from the up state to the down state is not equal to that from the down state to the up state during the process of synchrotron radiation. The beam accumulates a net polarization as a result.
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The existence of radiative spin polarization was soon confirmed experimentally in several existing electron storage rings. 4,8,9,10 The degree of polarization, however, was often found to be lower than the expected 92% due to depolarization effects. It turns out that the very mechanism that gives rise to polarization, namely the synchrotron radiation, 4-7,ll is also the main cause for depolarization.
As an electron emits a photon during synchrotron radiation, it receives a recoil perturbation which excites its subsequent oscillatory orbital motions. The electron then sees a perturbing electromagnetic field, which is modulated by these orbital oscillations, causing its spin to precess accordingly.
summing over the uncorrelated photon-emission events results in a diffusion of spin direction which becomes serious when the spin motion couples strongly to the oscillatory orbital motion.
The achieved level of polarization is determined by an equilibrium between the polarizing and the depolarizing effects of synchrotron 1-3 radiation.
The strength of the polarizing effect is already well-known.
The depolarization strength, on the other hand, depends on details of the storage ring operation and is often difficult to calculate with accuracy. For a perfect storage ring with planar geometry, the spin-orbit coupling vanishes and the ideal 92% polarization is ensured.
In the presence of imperfections or in storage rings designed with nonplanar geometry, depolarization strength must be known accurately in order to estimate the achievable polarization.
In this paper, we present a matrix formalism that fulfills this purpose for a wide variety of storage ring designs and operation conditions.
The Matrix Formalism
Here we briefly describe the basic idea of the matrix formalism. ; z fi + cd? + & Ia,e\ << 1 (2) The quantities a and !!3 thus describe the spin to a linear approximation and -:( a2 + B2) specifies the degree of depolarization of this electron. Table 1 . We have assumed that the beamline elements are short enough that X e and X do not change appreciably within their lengths.
We have also defined v, = y(g-2)/2. 
the corresponding 8 x 8 transformation matrices would look like (7) where TRANSPORT means the usual 6 x 6 transport matrices describing the transformation among the orbital coordinates; the upper right corner is a 6 x 2 matrix filled by O's; the 2 x 6 matrix D is obtained from It has been shown that PO and,Tp 'are given by 11 (12) T -l 56 r&Y5
where r e is the classical radius of an electron,% is Planck's constant divided by 27r, m is the rest mass of an electron and e In Eq. (13), C is the storage ring circumference, p(s) is the bending radius of the magnetic field seen by the particle, G is the instantaneous velocity unit vector, a is the polarization direction described before.
The crucial quantity y $/ay in Eq. (13) In the presence of these field imperfections, the degree of polarization PO is plotted in Fig. 1 as a function of the beam energy Eo.
The SPEAR lattice used in Fig. 1 Using Table 2 
